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S UMX A BY 

Besearc'a on wing- nace l l e  p r o p e l l e r  a r ranqement  s has  
'Seen c o n t i n u e d  i n  t h e  NACA C u l l - s c a l e  mind t u n n e l  w i t h  
t e s t s  on a model o f  a two-enTiae a i r p l a n e  p rov ided  w i t h  
n a c e l l e s  v a r y i n %  i n  d i a m e t e r  f r o m  1.5 L a  2.6 t i m e s  t h e  l o -  
c a l  wi -n r s  t h i c k n e s s .  T h i s  model  i s  t h e  same one t h a t  was 
p r e v i o u s l y  f ; e s t e d  wi th  Sour-ei i4 ine-nacel le  i n s t a l l a t i o n s  
a n d  t h e  r e s u l t s  a r e  d i r e c t l y  comparable.  

The r e s u l t s  show t h e  v a r i a t i o n  o f  t h e  n a c e l l e  dra$ 
w i t h  t h o  r a t f a  o f  t 'ne n a c e l l e  d i ame te r  t o  t i s  i ~ l n ~ ;  t h i c k-  
ness, t h e  e f f e c t s  o f  t h e  n a c e l l e s  on t h e  aerodynamic char-  
a c t e r i s t i c s  o f  t h e  a i r p l a n e ,  a n d  t h e  p l -opuls ive  and  t i e  
o v e r - a l l  e f f l c i e n c i e s  ?or all t h e  a r r angemen t s .  The p r e s-  
e n t  r e s u l t s  a r e  combined. i n  son;e c a s e s  w i t h  t h e  r e s u l t s  o f  
p r e v i o u s  e x p e r i m e n t s ,  s o  t h a t  t h e  e f ? e c %  o f  n a c e l l e s i s  5.i-i- 

c l u d e d  f o r  a i r p l a n e s  r a n s i n <  from 6* t o  100 toi:s. 

I X T R O D U C T I  017 

The clendercrr t o  i n c r e a s e  t h e  power or" r a d i d  a i r-  
c o o l e d  a l r p l a r e  ens; ines  w i t h o u t  i n c p e a s i g $  t h e  e n q i n e  d i -  
a m e t e r  h a s  l e d  t o  1aro;e v a r i a t i o n s  i n  t h e  s i z e  o l  t h e  
wing -nace l l e s  r e l a t i v i t  t o  t h e  s i z e  o f  t h e  TP~YL'J;; .  An i n-  
v e s t i g a t i o n  conduc tea  i n  t h o  WACA f u l l + s c n l o  wind t u n n e l  
h a s  d e a l t  with t h e  I n f l u e n c e  o f  t h e  r a t i o  o f  t h e  nacelle 
d i m e t o r  t o  t h e  win< t 3 i c k a o s s  and of  t h e  longitudinal 
a n d  v e r t i c a l  p r o p e l l e r  l o c a t i o n  on the drao;, t h e  p ropu l-  
s i v e  e f f i c i e n c y ,  and  t h e  o v e r - a l l  e f f i c i e n c y  o f  m u l t i e n q i n e  
a i r p l a z e s .  The e " f e c t s  o f  t h e  m c e l l e s  a-*d t 3 e  p z * o p e l l a r  
o p e r a t i o n  on t h e  l i f t  and t h e  p i t c k i n q  moment o f  t h e  air- 
plane have a l s o  been s t u d i e d .  The i n v e s t i q a t i o n  cove r sd  
r a t i o s  o f  t h e  n a c e l l e  d i a m c t e r  t o  t ' le  .in< t h l c k n e s s  v3.r- 

t o  100 t o n s  ~ ; r o s s  vpei.;;ht. 
i n q  f r o m  0.53 t o  2 . 6 0 ,  r e p r . 3 s e r t i n q  ~ i r 3 l z ? ? - ~ s  o f  f r o m  6~ I C  

3y v a r i a t i o n  o f  t 'ne number and  s i z e  o f  t h e  n a , c e l l e s  
i n s t a l l e d  on  t h e  same s i r p l a n e  model, a s e r ' e s  o f  a i r p l a n e s  
has  been  r e p r e s e n t e d  f r o n  wM.c'n d i r e c t l y  cqm_uarable data 
were o"ot;ained. T&e t e s t s  o f  t h e s e  s o d e l s  were d i v i d e d  i n t o  
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t v o  qroups: The f i r a t  group, r e p o r t e d  i n  r o f c r e n c a  2 ,  con- 
s i s t e d  o f  t e s t s  o f  t h e  aociel wi th  f o u r  n a c o Z 3 . e ~  o f  d i m -  
e t e r s  va ry in?  from 0.53 t o  1.5 t i m e s  t h e  \Tin$ t h i c k n e s s ;  
t h e  second qrovp,  c o n s t i t u t i n ?  t h e  b a s i s  f o r  t k i s  r e p o r t ,  
covers t e s t s  o f  t h e  model with  t w o  m c e l l e s  o f  d i a m e t e r s  
v a r y i n ?  from 1.5 t o  2.6 t i m e s  t h e  winq t h i c k n e s s .  

a 

a a n q i e  o f  a t t a c k  tfLe fus:cla ,%e r e f e r e n c e  axis  r e l a-  
tive t o  the roind a x i s ,  de3;rees 

- 
c m e m  chord  o f  rsiyzq, a r ee l span ,  f e e t  

t, m a x i m u n  xinQ; t h i c k n e s s  ( a v s r a f e  over  r_ace l l e ! ,  Zeet  

DIT m a x i m u m  nace l - l o  d i a n e t e r ,  f e e t ;  

3 ~ ~ a x i n u r t  cross-sectional area of sncellc, sqazre f c c t  

V air speed ,  f e e t  p e r  second 

L l i f t ,  o r  Torte norma l  to t h e  relative yLad, pounds 

D &rag, o r  f o r c e  gmraI.Le1 t n  t b o  r e l a t i v e  wind, poucds 

Dc -power-oI"f dras of node1  wi th  onyine-nncollc i n s t n l l c -  
t i o n ,  ?ounds 



AC, CD - C ( S u b s c r i p t  m r e f e r s  t o  power- off  drnq 
C Dv o f  r;he node1 :7ith ~~~~ v i u g ;  sub-  

s c r i p t  c ,  t o  ?over-of? drzs o f  c o d e 1  
n i t h  enqicc-nace&&g i n s t a J I a t i o n )  

a CDS 
CDF = --- 2F 

B r c s u l t m t  fo r ce .  of n p r o p c l l o r - n s c e l - l e - n i n , ~  c o n b i -  
nation, pounds 

T thrusf  os" p r o p e l l e r s  operzting i n  f r o n t  o f  a body 
( t e n s i o n  iri yprppc l l e r  s h a f t s ) ,  pounds 

A 3  i n c r e a s e  i n  d r s q  o f  .t;Lc 306.y due t o  the ?*c t ion  o f  
t h e  p r o p e l l e r s ,  pouili!S 

T-AD e f f e c t i v e  thrust or? t h e  p r o p e l l e r - n c c e l l e  i n s t a l l a -  
t i o n  

P power i n p u t  t o  a l l  T r o p e Z l e r s  

? 
= ---- ' 0  I n d e x  thrus t  c o e f f i c i e n t  T h o  p 3 

- v s  2 

n p r o p e l l e r  s p e e d ,  r e v o l u t i o n s  p e r  second 

B G r o p e i l e r - b l a d e  ?"nqle at 0.75 radius,  c2o$rees 

6, - f l a p  ?Leflecction from c l o s e d  p o s i t i o n ,  de,c?;rces 
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The t e s t s  were conduc ted  i n  t h e  NACA f u l l - s c a l e  wind 
t u n n e l ,  n b i c h  i s  d e s c r i b e d  i n  r e f e r e n c e  2 .  The model i s  
a n o t a l- c o v e r e d ,  mfdmin~; monoplane w i t h  a span o f  87.25 
f e e t ,  The s y n n e t r i c z l  minq s e c t i o n s  are taFered i n  t h i c k -  
ness f r o n  t 5 e  NAGA 0018 a t  the r o o t  t o  t h e  NACA 0310 at 
t h e  t i p .  The orin3 plan form t a p e r s  4 : l  from a r o o t  
cho rd  o f  7,28 f e e t ,  aod t h e  win? area, i s  1 7 2  square f e e t .  
S p l i t  t r a i l i n % - e d T e  f l a p s  e x t e n d  o v e r  t h e  middle  60  pe r-  
c e n t  o f  t h e  span m i t h  t h e  e x c o p t i o n  o f  a short 4ap at t h e  
f u s e f a q e .  The alz~;Le of  t h e  wins  s e t t i n - ?  t o  t h e  fuoela 'Se  
r e f e r e n c e  l i n e  i s  4,6O. The p r i n c i p a l  & i n e n s i o n s  0 2  t h e  
model  and t h e  n a c e l l e  for each o f  t h e  t e s t  n r r e n T c a e n t s  
a r e  shown i z l  fio;ure 1. FiTures  2 t o  6 shon t h e  n o d e l  as 
i n s t a l l e d  i n  t h e  f u l l - s c a l e  t u ~ n e l .  

A su.nc?nry o f  t h e  n c c e l l e  arranqsmerts t e s t e d  i s  sbown 
i n  t a b l e  T. 

'TABLE I 

1.5 I 48 

g o s i -  tn3Zs  
t i o n  1 in 

f i q .  2 

Cen te r  fiq, 3 
l i n e  

L a w  f i s ; .  4 

Cente r  f i q ,  5 
l i n e  

Cen te r  :i<, 6 
l i n e  

I 

T'rrickness t, i s  the a v e r a % e  of  wing t h i c k n e s s  a t  t h e  

2Chord c i s  t h e  l o c a l  cho rd  at each  p r o p e l l e r  locai ; iOnm 

n a c e l l e  l o c a t i o n s ,  
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Power t o  o p e r a t e  t h e  p r o p e l l e r s  w a s  furnished f o r  t h e  
20- inch n a c e l l e  arrangement  by t h e  25-horsepower a l t e r n a t -  
i n g- c u r r e n t  m o t o r s  u s e d  i n  t h e  t e s t s  o f  r e f e r e n c e  1, and 
f o r  t h e  $0.4- inch and  34.7-inch n a c e l l e  arran?emen%s bY 
15- horsepower motors  of lower  synchronous speed.  F o r  a l l  
t h r e e  n a c e l l e  a r ranqernents ,  t h e  motors were supported ahead  
o f  t h e  v lng  and  w i t h i n  t h e  n a c e l l e s .  The n r o c e l l e r  speed 
mas r e q u l a t e d  b y  v a r y i n $  t h e  f r e q u e n c y  or" t h e  mo to r- cu r ren t  
sup_nlg and  w a s  measured w i t h  an e l e c t r i c  t achomete r .  Paver 
o u t p u t  w a s  o b t a i n e d  f o r  t h e  25- horsegoner  motors f r o m  an  
e l e c t r i c a l  c a L i b r a t i o n  a n d  f o r  t h e  15-horseyotver motors by 
measurement or' t h e  t o r q u e  r e a c t i o n  on t h e  m o t q r .  

3 
A 

Three  s e t s  o f  p r o p e l l e s s ,  a modi f i ed  Bureau 02 Aero- 
n a u t i c s  D r a r v i n l i ;  X o ,  4412 -f;.r;ro-blacie p r o p e l l e r  o f  48- inch  
d i a m e t e r ,  a Curt iss  68950 th reewblade  p r o p e l l e r  o f  69-inch 
diameter, ar_d a Eami l ton  S t a a d a r d  182'7 two-blade p r o p e l l e r  
c u t  dovn Cron a n  8- t o  a ? - f o o t  a i a m e t e r ,  were u s e d  on t h e  
20- ,  t h e  30.$-, and  34.7-inch n a c e l l e s ,  r e s p e c t i v e l y .  

The c o n t o u r  o f  t h e  conr13,nP;s and  t! ieir  r e l a t i v e  aimen- 
s i o n s  are q i v e n  i n  f i q n e  7 as f r a c t i o n s  o f  t h e  comlfnr?; 
d i a m e t e r ,  These cotvlin4;s were q e o m e t r i c a l l y  s i n i l a r  t o  
t h o s e  use$. i n  t > e  previous s e r i e s  of t e s t s  ( r e f e r e n c e  1) 
a n d  t o  t h e  one d e s i s n a t e d  c o ~ l i n g  C i n  r e f e r e n c e  3. The 
s h a p e s  o f  t h e  n a a e l , l e s  mere d e s i g n e d  i n  each  c a s e  t o  a m i d  
f l o w  sepa . r a t i on  on t h e  af tsr1od.y.  A t  t h e  i n t c r s e c t i o n  or" 
t h e  n a c e l l e  and thi? win< p l a s t i c i n e  f i l l e t s  of  s m a l l  r ad i -  
us mere used  t o  provic?e a smooth fcztrin.;. 

P e r f o r a t e d  m e t a l  p l a t e s ,  t h e  r e s i s t a x c e  of  m l n l c h  w % s  
changed t o  a v a l u e  of conductance K ( r e f e r e n c e  4 )  
o f  approximato1.y 0 . 2 0 ,  s i m u l a t e d  t h e  eng ine .  The 
e x i t  s l o t  o f  t h e  c o ~ l i n g  v a s  p r o p o r t i o n e d  t o  C f v e  a 
pressure d r o p  of  0.03Oa a c r o s s  t h e  e n g i n e ;  i t  was 
assumed t h a t  a means o f  e x i t - s l o t  a.;f. j laetnent such as 
f l a p s  w o u l d  ba  p r o v i d e d  f o r  o t h e r  f l i e h t  con3 j . t i ons ,  
F o r  t h e  t a s t s  wi th  n o  c o o l i n g  a i r ,  t h r Y  e x i t  s l o t  mas 
s e a l e d -  t o  n r evcn t  any air flow through tho  c o ~ l i n g ,  
T h i s  metho;! 7 2 s  f'ound t o  g i v e  n o r e  c o n ? i s t o n t  r e s r i l t s  
than s a a l i n f r  t h e  p e r f o r a t i o n  i n  t n e  mctal p l a t e s  o f  
t h e  e n p i n e ,  a s  v a s  d o n c  f o r  t h c  t e s t s  or-' re I ' a rencc  1; 
t h e  improvement can ba  a t t r i b u t o d  t o  a b a t t s r  f l o v  
c o n d i t i o n  a,t t h e  e x i t  s l o t .  
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TESTS 

With p r o ; n e l l e r s  removed f r o m  %he model I aeasu remen t s  
o f  aerodynamic c h a r a c t e r i s t i c s  mere made a t  a n  a i r  s p e e d  
o f  a b o u t  6 0  m i l e s  pe r  hour  f o r  each  of t h e  n r , ce l l e  i n s t a l -  
l a t i o n s  o v e r  an  a n g l e- o f- a t t a c k  ranqe  from z e r o  l i f t  
t h r o u g h  t h e  stall, S c a l e  e f f e c t  o n  t h e  d r a ?  at low l i f t  
c o e f f i c i e n t s  w a s  a l s o  measured ove r  a r an$€  of a i r  s p e e d s  
f r o m  30 t o  100 m i l e s  p e r  Isour.  

With t h e  n r o p e l l e r s  o p e r a t i n g ,  p r o p u l s i v e  c h a r a c t e r -  
i s t i c s  o f  t h e  n a c e l l e - p r o p e l l e r  i n s t z l l a t i o n s  mere d e t e r-  
mined f o r  t b e  a t t i t u d e  i n  which t h e  thrust a x e s  were par- 
a l l e l  t o  t h e  r e l a t i v e  mind, a n d  f o r  l i f t  c o e f i ’ i c i e n t s  ap- 
proximatZng t h o s e  f o r  t h e  hiyh-speed and  t h e  climbinp; con- 
d i t i o n s ,  The j?otver-on measurements i n c l u d e d  t h e  p o w e r  i n-  
p u t  t o  t h e  p r o p e l l e r s  and t lae p r o p e l l e r  speed  as  v e l 1  as 
the usual aerodynamic f o r c e s  ana moments. F o r  t h e  p ropu l-  
s i v e  e f f i c i e n c y  t e s t s ,  t h e  V/nD VELS v a r i e d  by i n c r e a s i n g  
t h e  a i r  speed  from 30 t o  130 m i l e s  p e r  hour  and  t i e n  by 
d e c r e a s i n $  t h e  p r o p e l l e r  speed  a t  t h e  m a s i m u m  a i r  speed  
u n t i l  z e r o  t o r a u e  was o b t a i n e d .  The e f f e c t  of p r o p e l l e r  
o p e p a t i o n  on %*ne l i f t  and on t h e  p i t c h i a q  momeEt w a s  de- 
tex-mined nt a t e s t  a i r  speed of a p p r o x i m a t e l y  6 Q  B i l e s  p e r  
h o u r  f o r  t h e  Taximum thrust germitteci by t h e  se t- up and  
f o r  a n  i n t e r z c h i a t e  t h r u s t  c o n d i t i o n ,  

POYER-OFF C H A U C T E B I S T I  CS 

The aerodynamic c h a r a c t e r i s t i c s  o f  t h e  ttvo-enTine 
model with t h e  p r o p e l l e r s  rezloved a r e  s’no-mn i n  f i g u r e s  8 
t o  1 2  f o r  t h o  v a r i o u s  a r r acyemen t s  t e s t e d .  These d a t a  
were  o b t a i n e d  at a tunsleX air  speed  of  abou t  6 0  miles p e r  
hour ,  which c o r r e s v o n d s  t o  a Reynolds number of  a b o u t  
2 ,500 ,000  based  on t h e  a v e r a g e  minu; cho rd  o f  4 .62 f e e t .  
T’ne c o e f f i c i e n t s  a r e  based  03 n wfnq a r e a  o f  172  s q u a r e  
f e e t  and  a r e  correctec? .  f o r  wind-tunnel  e f f e c t s .  P i t c h i n q -  
moment c o e f f i c i e n t s  a re  computed abou t  a c e n t e r  o f  q r a v i t y  
l o c a t e d  as  shown i n  f i g u r e  1, L. 

--- Drag.- S c a l e  e 3 f e c t s  on t h e  a i r p l a n e  d r a y  c o e f f i c i e n t s  
f o r  t h e  n a c e l l e  a r r a n < e n e n t s  and f o r  t h e  model w i t ” a o u t  na- e’ 

c e l l e s ,  t e s t e d  a t  ~ I L  assumed hfqfi-speed l i f t  c o e f f i c i e n t  of 
0.25 are q i v e u  i n  f i s u r e  13. A comparison o f  t h e  c u r v e s  
f o r  t h e  v a r i o u s  n a c e l l e  i n s t a l l a t i o n s  w i t h  t ’nose  f o r  t h e  
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b a r e  wini?; shows t h a t  t h e  d raq  inc remen t  due t o  t h e  n a c e l l e s  
i s  n o r e  o r  l e s s  i ndependen t  o f  t h e  t e s t  a i r  speed  i v t t h i n  
t h e  ran(l;e coveyed. 

The v a , r i a t i o n  of  t h e  n a c e l l e  &rag increment  p e r  na- 
c e l l e  A C 3 / 2  w i t h  t h e  r a t i o  of  t h e  n a c e l l e- d i a m e t e r  L O  
t h e  v i n g  th ic lcness  Dl;/ t ,  i s  sbomn i n  f i g u r e s l 4 ( a ) ,  (31, 
(c), and (cJ.) f o r  t h e  p r e s e n t  t e s t s  a t  l i f t  c o e f f i c i e n t s  of 
-0.04,  0.25, 0 * 5 ,  and 0.7,  t o s e t h e r  w i t h  similar da%a f r o m  
t h e  e a r l i e r  t e s t s  of r e f e r e n c e  1. The p r o p e l l e r  l o c a t i o n  
f o r  n a c e l l e  a r r angemen t s  a i t h  v e l u e s  of S)pJ/t,  of 2.27  and  
2,60 v a s  0 . 5 0 ~  a h e a d  of t h e  l e a d i n ?  edge o f  t h e  win? as 
compared w i t h  a p o s i t i o n  o f  0 . 4 0 ~  f o r  t h e  o t h e r  n a c e l l e s  
o f  f i T u r e x  1 4 ( c >  and  ( a ) .  The d i f f e r e n c e  i n  d r a g  between 
t h e  n a c e l l e s  w i t i n  t h e  p r o p e l l e r  - j s i t i o n s  o f  0,40c and of 
0 . 5 0 ~  has been d i s r eqa rded .  i n  t hu  d i s c u s s i o n  o f  t h e  varia-  
t i o n  o f  t l ie  n a c e l l e  d r a g  c o e f f i c i e n t  a n d  wi11 be examined 
l a t e r .  The i n c r e a s e  i n  t h e  t o t a l  dracr; due t o  n a c e l l e s  o f  
l a r q e  r e l a t i v e  d i a m e t e r  as a e 1 l  as t h e  impor tance  o f  t h e  
drag due t o  t h o  f l o w  of t h e  coolincr; a ir  ? o r  l a r g e  v a l u e s  
o f  Dn/tw i s  c l e a r l y  shown i n  f i g m e  14. 

The n a c e l l e  d.rar;s a r e  also shotm ia t e rms  o f  t h e  na- 
c e l l e  dra? c o e f f i c i e n t  C S ) ~  i n  f i g u r e  15 ,  from which f i g -  

u r e  t h e  d r a g  of  conVentiooa,Z n a c e l l e  a n d  c o n l i n g  i n s t a l l a -  
t i o n s  can be yreClicte8.. There  1 s  a l a r q e  i n c r e a s e  i n  na-  
c e l l e  drag c o e f f i c i e n t  v i t h  l i f t  c o e f f i c i e n t  f o r  s m a l l  
v a l u e s  os" Dg/t,. A s  t h e  v a l u e  of D N j t ,  i n c r e a s e s ,  %he  
n a c e l l e  dras; c o e f f i c i e n t  t e n d s  t o  app roach  a c o n s t a n t  v a l -  
u e  a n d  t o  become c o n s i d o r a b l y  l e s s  dependent  on t h e  L i f t  
c o e f f i c i e n t  and  t h e  p r o p e l l e r  p o s i t i o n .  

The n a , c e l l e  drzrl;s w i t h o u t  c o o l i n s  a i r  f lo r r inq  were 
c o n s i d e r a b l y  smaller f o r  t h e  two- nace l le  t e s t s  t h a n  f o r  
tl?e fou r - sxce l . l e  t e s t s  of r e f e r e n c e  1, This d i f f e r e n c e  is 
p a r t i c u l a r l g  n o t i c e a b l e  f o r  thc: 20- inch nacelles w i t h  t h e  
0 . 2 5 ~  p r o p e l l e r  p o s i t i o n  j e c a u s e  a d i r e c t  comyarison i s  
shown, The d e c r e a s e  i n  n a c e l l e  drags i s  a t t r i b u t e d  t o  
s e a l i n g  t h e  c o a l i n q  e x i t  f o r  t h e  p r e s e n t  t e s t s  r z t h e r  t h a n  
s e x l i n p ;  t h e  p e r f o r a t e d  me ta l  p l r t t e s ,  t h u s  e l i m i b a t i n q  see- 
ondnry  f l o v r s  due t o  p r e s s u r e  d i f f e r e n c e s  a round  t h e  ,ne- 
r i p h e r y  o f  t h e  cowl ins  e x i t ,  

C a l c u l a t i o n s  of  t 3 e  &rap; due t o  f o r e i n $  air th rouTh 
t h e  cowlizn_q and. t h e  per . "ora ted  p l a t e  s i rnu la t i n?  t h e  en- 
g i n e ,  a s  o u t l i n e d  i n  r e f e r e n c e  4 ,  y ive  i n c r e a s e s  i n  t h e  

1 
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n a c e l l e  drae c o e f f i c i e n t  of 0.020 and 0.014 f o r  t h e  34.7- 
and  t h e  30.4- inch n a c e l l e s ,  r e s p e c t i v e l y ,  t h a t  check re-  
marksb ly  v e l 1  n i t h  t h e  v a l u e s  o f  0.019 a n d  0.014 f r o m  t h e  
d a t a  o f  f i -yu re  15.  

An unexpec ted  d e c r e a s e  i n  cira3 mas shown by t h e  20- 
i n c h  n a c e l l e s  i n  t h e  l o a  p o s i t i o n  ( f ip ; .  15). T h i s  de- 
c r e a s e  i s  i n c o n s i s t e n t  w i t h  t h e  r e s u l t s  o f  r e c e n t  t e s t s  
made i n  t h e  :TACA 8- foot  Sigh- speed t u n c e l  ( r e f e r e n c e  5 )  
t h s t  show a 2- p e r c e a t  i n c r e a s e  i n  t h e  a i r_n lane  d r a g  f o r  
lotverin.r, t h e  n a c e l l e .  F o r  t’ne t e s t s  02 r e f e r e n c e  5 ,  t h e  
l owered  n a c e l l e  i ~ a s  q e o m e t r i c a l l y  similar t o  t h e  c e n t e r -  
l i n e  n a c e l l e ;  whe reas ,  i n  t h e  p r e s e n t  t e s t s  t h e  n a c e l l e  
a f t e r b o d y  mas f a i r e c t  t o  p r o v i d e  a d d i t i o n a l  space  i n  t h e  
n a c e l l e  f o r  housir ig t h e  l a n d i n 5  Tea r .  This  r equ i r emen t  o f  
s p a c e  made i t  i i eces sa ry  t o  elonD;ate t h e  n a c e l l e  a n d  t o  
fair f r o m  t h e  c i r c u l a r  enP;ine s e c t i o n  t o  a v e r t i c a l  l i n e  
a t  t h e  ta i l . .  I t  i s  be leeTed  t h a t  t h e  more grsduel. f a i r i n ?  
o f  t h e  l o w  m i c e l l e  caused- l e s s  i n t e r f e r e n c e  between the 
mine and  t h e  aacelio on t h e  l ower  s u r f a c e  a n a  t h a t  lower- 
i n ?  t h e  nccc l lc !  d.acsensed t h e  i n t e r f e r e n c e  on t h e  u p p e r  
s u r f a c e  of  t 3 o  n i n q  t o  a lorn v a l u e .  Th i s  c o n c l u s i o n  i s  
p a r t i a l l y  verified 5p t h e  f a c t  t ha t  t 5 e  dyae f o r  t h e  low- 
e r e d  n a c e l l e  approac’r-es more n e a r l y  t h e  s k i n - f r i c t i o n  draP; 
f o r  a c o r r e s q o n d i n s  a r o u n t  of su.rI”ace i n  t u r b u l e n t  f lorr .  

gaximum lift,- The maximum l i f t  c o e f f i c 2 e n t  vas 
sXj.%:itly d e c r e a s e d  (about  1 p e r c e n t )  bg t h e  a 8 d i t i o n -  o f  t h e  
nacelles t o  t h e  a i r p l a n e .  Table IT summarizes t h e  maximum 
l i f t s  f o r  all t h e  t e s t  a r rangements .  
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. 
A comparison of  t h e  v a l u e s  f o r  t h e  c u r r e n t  t e s t s  w i t h  

t h o s e  f o r  t h e  t e s t s  of  r e f e r e n c e  1 shows  a c o n s i d e r a b l e  
d i f r ’ e s e n c e  in t h e  e f i ’ea t  o f  t’2e n a c e l l e s  on maximum l i f t ,  
Addins  fou r  20- inch n a c e l l e s  t o  t h e  node1 n;stve a d e c r e a s s  
i n  maximum l i F t  of  9 p e r c e n t ;  t h i s  d e c r e a s e  i s  i n c o n s i s t -  
e n t  w i t h  t b e  r e s u l t s  of t 3 e  t n o - c n c e i l e  t e s t s .  Tuf t  sur- 
veys  ( f i g .  1 6 )  chow t h a t  t h e  nac~L1e has a marked e f f e c t  
o n  t h e  d i r e c t i o n  09 1 1 0 ~  o v e r  t h e  t o y  o f  t h e  winq,  aad i t  
i s  r e a s o n a b l e  t o  conc lude  t h a t  t v o  n a c e l l e s  only a s h o r t  
d i s t c n c e  apart have a, mutual i n t a r f e r e n c e  f l o w  that, at 
h i q h  a.nD;J.os o f  a.tt?zclr, c a ~ i s e s  an early s e p a r a t i o n  on t h e  
u ~ g e l :  surr’ace of tbfio win<. I t  i s  a l so  e v i d e n t  from t h e  
two-eno;ine t e s t s  t h a t  tLe  i n t e r f e r e n c e  i s  n o t  s e r i o u s  f o r  
a n  i s o l a t e d  win4 r ,ace?. le.  

-Ic---- L i f t - d r a p - y a ~ i q . -  -- The ranTe o f  an a i q l s m e  i s  about 
p r o p o r t i o n a l  t o  t h e  v a l u e  o f  t 3 e  maximum 1iZt -draT r a t i o ,  
which d e c r e a s e s  r o p i i l l g  w i t h  i izcreasihp;  Dlq/t,,  a s  shomn 
i n  f i g u r e  17. The maximum L/D f o r  t h s  20-inch n a c e l l e  
( D i q / t ,  = 1.5)  i s  15 peecen t  l o v e r  t h a n  Lhr t  f o r  t h e  bare 
w i n g  wh i l e  t h e  L/I) 34 .7 - inc ’~  n a c e l l e  ( D D / t ,  = 2.6) i s  
2 0  p e r c e n t  l o v e r .  The Eou.r-cn.;ine data o f  r e f e r e n c e  1, 
a l s o  included- i n  f ‘ i q i r e  3.7, s2ion t h e  l i f t - d r n ?  r a t i o  f o r  
t l i e  f o u r  2 0 - i ~ c k - n : ~ c c l l - e  i n s t a l l a t i o n s  t o  be a p p r o x i m a t e l y  
25 ? e r c e n t  l e s s  t h a n  f o r  t h e  b a r e  wino;, 

~ ~ ~ ~ ~ ~ . ~ , ~ . - m . ~ ~ ~ ~ ~ , u  T’ie d e s t a b i l i z i n g  e f f e c t  o f  l a r g e  
n a c e l l e s  i s  nppa.rent  i i  f5-5ure 18 ,  i n  wliich t 5 e  s l o p e s  02 
t h e  p i t  ch ing -no ren t  c o e f l i c i o n t  Cnrves a r e  p l o t t e d  a -qa ins t  
D l q / t i v .  The s l o p e s  were r e z d  over  t h e  s t r a i q h t  p o r t i o n s  of 
t h e  gitcLing-moment curves  a t  values o f  a between -5’ 
and 5 O ,  t h e  d e c r e a s e d  s t a b i l i t y  be inq  i n d i c a . t e d  by t h e  
l o v e r  v n l u e s  o f  n e ? a t i v e  s l o g a .  T h o  c u r v e s  i n c l u d e ,  f n  
a d d i t i o n  t o  t h e  r e s u l t s  o f  t h e  p i . ; s e n t  nci .cel lc  and ba re -  
win? t e s t s ,  s i n i 1 a r  data obtninecr w i t h  f o u r  n c c e l f c s  i n  
rlzfcreilce 1. The r e s u l t s  Bere  found  t o  be. much morG c r i t -  
i c c l  f o r  t h e  f o u r - n a c e l l e  c o n a i t i o n s ,  

Tbe decrease n o t e d  in t h e  s l o p e  o f  t h e  pitching-moment 
ci1i’ve i s  a t t r i b u t e d  t o  t h e  f o r v a r d  rrovcment o f  t h e  a e r o -  
dgnamic c e n t e r  or” t h e  7vi.no; due t o  t h e  a d d i t i o n  o f  t h e  na- 
c e l l e s  ahead  o f  t?ze l e a d i n g  edqe .  Consequent ly ,  mavins t h e  
n a c e l l e s  ahead. f r o m  a gropelier ~ o s i t i o n  o f  0 . 2 5 ~  t o  one 
o f  0 . 4 0 ~  o r  0 . 5 0 ~  further acccntuntes t h e  d e s t a b i l B z i n g  
e f f e c t  o f  ths cacelles. 

i 
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PROPULSIVE AXD OVER-ALL EFFICIENCIES 

s 

The n a c e l l e  draq c o e l f i c i e n t s  a l o n e  a r e  an i n s u f f i -  
c i e n t  b a s i s  f o r  comparison of  t h e  v c r i o u s  n a c e l l e - p r o p e l l e r  
i n s t c l l a t i o n s .  T h e  Z n s t a l l a t i o n s  are m o r e  properlzr  con- 
pared. by mezns nf an o v e r - a l l  c l f i c i c r , c y  that i n c l u d e s  t h o  
n a c e l l e  drao; i n c r c m c c t  i e z s u r e d  v i t h  t h e  p r o p e l l e r  rcmovod 
as mcl l  a s  t h c  p r o p u l s i v e  e f f i c i e n c y .  '2'3%~ o v e r- a l l  o f I " i -  
c i e n c g  q t  i s  defined 3,s t h e  r a t i o  of  t h e  t o w l i n e  p o w e r  
r e q u i r e d  fqr  t h e  rnodcl x i t h o u t  c a c o l l e s  at a ";Ten l e v e l -  
f l i y h t  sFt?ed t o  the oct-&a1 paver i n p u t  r e q u i r e d  at t h i s  
s p o i l d  b~ t h o  moC1c1 ] T i t i ?  t h e  m . c c l 1 e - p r o p c l l e r  i n s t a l l a t i o n .  
The o v e r- a l l  e f f i c i e n c y  i s  t i e r e f o r e  w r i t t e n  

The p r o p u l s i v e  e f f i c i e n c y  7l is t h e  r a t i o  o f  t h e  e f-  
f e c t i v e  t h r u s t  powe;. t o  t h e  ._ooaer i n p u t  a c d  ma?? be c a l c u -  
l z t e d  f r o n  t 3 e  rel?v.';ioii 

The v a l u e  o f  t'ne e f f e c t i v e  t h r u s t ,  (I! - LD),  can be com- 
p u t e d  from t h e  mind- tunnel  data by t h e  r e l a t i o n s h i p  

T - AD = Dc -1- R 

i n  which Dc  and  R a r e ,  r e s p e c t i v e l y ,  t h e  -J-alues o f  t h e  
dra$  f o r  p r o p e l l e r - r e x o v e d  and  p r o p e l l e r - o p e r a t i n ?  condi- 
t i o n s .  

The drn4 increae-rl t  included.  i n  t h e  e f f e c t i v e  t h r u s t  
i s  caused  by t h e  s l i p s t r e a m  o v e r  t h e  winq;  i n  l i k e  manner 
a l i f t  i n c r e n e n t  i s  a t t r i b u t e d  t o  t h e  p r o n e l l e r  o g e r a t i o n .  
In order t o  c o r r e c t  for t h i s  l i f t  zhanTe, Dc and R 
m e r e  30th Eeasu red  a t  t 'ne  same l i f t  c o e l f i c i e n t  ra ther  
t h a n  a t  t h e  same anLyle of a t t a c k .  

P r o p u l s i v e  E f f i c i e n c i e s  

" 

Data have been o b t a i c e d  f r o m  t h e  t e s t s  t o  show t h e  e f-  
f e c t  on t h e  p r o p u l s i v e  e f f i c i e n c y  of v a r i a t i o n s  i n  t h e  pro- 
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p e l l e r  b l a d e  anqle ,  t he  n a c e l l e  d i a m e t e r ,  and t h e  lift 
coeTf i c i  e n t  . 

~~9e11er__bla_do__a.~q2p.- The v a l u e s  of t h e  p r o p u l s i v e  
e f f i c i e n c i e s  measured f o r  t h e  v a r i o u s  n a c e l l e- p r o p e l l e r  
combina t ions  a r e  shown i,n f i q u r e s  19 t o  32 .  The maximum 
p r o p u l s i v e  e f f S c i e n c i e s  o c c u r  a t  a b l a d e  angle B of about 
30°: t h e  enve lopes  o f  t h e  p r o p u 2 s i v e - e ? f i c i e n c $  c u r v e s  a r e  
r e a s o n a b l y  ?La%, however ,  showins: o n l v  v a r i a t i o n s  
i n  e f f i c i e n c t e s  w i t h  a v a , r i a t i o n  i n  B of *loo from the 
o p t  i m u m .  

The r e s u l t s  show % h a t  n e i t h e r  t h e  b l a d e  anele f o r  max- 
inum e f f i c i e n c y  n o r  t h e  q u a n t i t a t i v e  value o f  maximum e t -  
f i c i e n c y  v a r i e s  a p p r e c i a b l y  from t h a t  o f  t h e  p r e v i o u s  study 
o f  t h e  four  n a c e l l e  p r o p e l l e r  i n s t a l l a t i o n s .  

--I------*-------- N a c e l l e  d i ame te r .-  A v a r i a t i o n  i n  t h e  r a t i o  o f  t ' ne  
n a c e l l e  d i a m e t e r  t o  t h e  win% t h f c k c e s s  has l i t t l e  e ' fec t  
on t h e  maximum p r o p u l s i v e  e f f i c i e n c y ,  Ciiangfx.(T t h e  v e r t i -  
c a l  p o s i t i o n  a l s o  h a s  a ne31 i s ; i b l e  e f f e c t  on  t h e  naxinum 
e f f i c i e n c y  e x c e p t  t o  chnn%e s l i g h t l y  -the V/?ID at which 
maximum e f f i c i e n c y  o c c u r s .  The e f f i c i e n c y  at a l i f t  co- 
e f f i c i e n t  of -0.04 f o r  t h e  34.73incb n a c e l l e s  f s  a p p r o x i-  
m a t e l y  2 p e r c e n t  l o a e r  t h a n  t h a t  - f o r  t h e  20-inch n a c e l l e s  
and  abou t  1 p e r c e n t  l o a e r  thaii that;  f o r  t h e  30.4- inch 
n a c o 1 l . e ~ .  

&fg.f; c o e f f A q ~ g g t s . -  The v a r i a t i o n s  i n  t h e  p r o p u l s i v e  
e f f i c i e n c i e s  w i t h  a i r p l a n e  lift c o e f f i c i e n t  a r e  also 5n- 
c l u d e d  i n  ffci;ures 1 9  t o  22 f o r  b l a d e  an<les o f  Z O O ,  30°, 
a n d  40'. The maximum p r o p u l s i v e  e f f i c i e n c y  o c c u r s  at  a 
lift c o e f f i c i e n t  o f  -0.04, i n  which c a s e  t h e  n a c e l l e  a x i s  
mas a p p r o x i m a t e l y  ; p a r a l l e l  % a  t h e  a i r  s t r e a n .  The prppu l -  
s i v e  ef9icciency i n  a l l  c a s e s  excep t  f o r  t h e  20- inch nn- 
c e l l o  w i t h  t h e  b l a d e  a n g l e  s e t  a t  30' i s  2 p s r c e n t  q r e a t e r  
at t h e  lift c o e f f i c i e n t  -0.04 t h a n  a t  0.25,  F o r  t h e  20- 
i n c h  n a c e l l e  with a b l a d e  a n q l e  of  30' t h e  p r o p u l s i v e  e f-  
f i c i e n c y  i s  t h o  same f o r  t h e  two l i f t  c o e f f i c i e n t s  i n  
e i t h e r  t h e  c e n t e r  l i n e  o r  tkra lowered n a c e l l o  p o s i t i o n .  

Ovcr-All E f f i c i e n c i e s  

The over - t a f l  e f f i c i e n c i e s  f o r  t h e  c o n d i t i o n g  i n v e s t i -  
e;ated durinq; t h e  p r e s e n t  s o r i o s  o f  t e s t s  t ou ; e the r  w i t h  
t h o s e  o f  t h e  p r o v t o u s  s e r i s s  ( r e f e r e n c e  1) a r e  p r e s e n t e d  
i n  f i q u r e  2 3 ,  
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I t  vi11 be n o t e d  tha , t  t h e r e  i s  a 1- t o  2 -percont  do- 
c r e a s e  i n  t h e  o v e r- a l l  e f f i c i e n c y  f o r  t h e  O84Oc p r o p e l l o r  
p o s i t i o n .  The d e c r e a s e  i s  p r o b a b l y  due t G  t h e  i n c r e a s e d  
s k i n  f r i c t i o n  of t h e  l o n g e r  n a c e l l e .  I t  w i l l  a l s o  be ob- 
s e r v e d  t h a t  t he  o v e r - a l l  e f f i c i e n c y  f o r  t h e  tvo-enyine  
i n s t a l l a l i o n  i s  c o n a i d e r n b l y  h i y h e r  t h a n  t h a t  f o r  t h e  
f o u r - e n q i n e  i n s t a l l a t i o n ,  e s p e c i a l l y  a t  l a r q e r  v a l u e s  o f  
Dg/t,. T h i s  d i f f e r o n c e  i n  o v e r - a l l  e f f i c i e n c y  i s  t h e  r e-  
sult of  t h e  l ower  draq o b t a i n o d  mit?? t w o  n a c o l l e s  and i n-  
d i c a t e s  t h e  d e s i r s b i l i t p  o f  u s i n ?  t h c  smallest p o s s i b l e  
number o f  porvcr u n i t s  f o r  R n;iven t o t a l  power output .  

V a r i s t i o n s  of  t h e  mc.l,xirnum g v o r - a l l  e f f i c i e n c y  w i t h  
l i f t  c o e f f i c i e n t  f o r  t h e  ttvo-en$ine d a t a  of t b e  g r e s e n t  
t e s t s  aEd f o r  t h e  four -cnqino  d a t a  o f  the p r e v i o u s  s e r i e s  
( r e f e r e n c e  1) a r e  p l o t t e d  i n  f i q u r a  24, I n  a l l  c a s e s  
shown, t h e  1.owest e f f i c i o n c i e s  e x i s t  a t  t h e  hiqh-speed 
c o n d i t i o n ;  t h e  e f f i c i e n c i e s  i n c r e a s e  as  t h e  l i f t  c o e f 3 i -  
c i e n t  e i t h e r  i n c r e a s e s  o r  d e c r e a s e s  from t h e  hfqh- speed. 
c o n d i t i o n .  T h i s  i n c r e a s e  i n  e f f i c i e n c y  i s  more r a p t &  t d t h  
t h e  30.4- and thz 34.7- inch n a c e l l e s ,  because  o f  a smaller 
v a r i a t i o n  i n  d r a ?  w i t h  a n q l e  o f  a t t a c k  f o r  t h e  l a r se r  na-  
c e l l e s .  

PO'IYER- ON CHARACTERISTICS 

The e f f e c t  o f  p r o p e l l e r  o p e r a t i o n  or- t h e  aerodynamic 
c h a r a c t e r i s t i c s  o f  a i r p l a n e  i s  n r i m a r i l y  d.ependent on 
t h e  txmoant of t h r u s t  d . e l i ve red  by t h e  p r o p e l l e r s  a n d ,  f o r  
a q i v e n  t h r u s t ,  i s  r e l a t i v e l y  i ndependen t  of moderate  
c h a n s e s  i n  b l a d e  a 2 $ l o ,  V/nD, p r o p u l s i v e  e f f i c i e n c y ,  nnd 
p r o p e l l e r  d i ame te r .  I n  o r d e r  t o  d e s c r i b e  t h e  c o n d i t i o n s  
o f  p r o p e L l e r  o p e r a t i o n ,  u s e  i s  made o f  an  i n d e x  t h r u s t  co-  
e f f i c i e n t  t h a t  t a k e s  t h e  fa rm 

in which To i s  t h e  p r o p u l s i v e  e f f i c i e n c y  a t  GL 0.25 
f o r  t h e  c o n d i t i o n s  of  V/nD and b l a d e  anq lc  a t  which t h e  
t e s t s  mere m a d . e .  The i n d e x  t h r u s t  c o c f f i c i o n t  has t h e  
c h a r a c t e r i s t i c s  and  t h e  f o r m  of  it dra?  c o e f f i c i e n t  a n d  i s  
e s s e n t i a l l y  i ndependen t  o f  t h e  combina t ion  o f  V/nD and  
b l a d e  a n g l e  t h a t  p roduces  t h e  t h r u s t ;  it is equal t o  t h e  
amount o f  d r a 7  t h a t  t h e  t h r u s t  would c o u n t o r b a k m c e  a t  t h e  

x 
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s t a n d a r d  or i n d e x  c o n d i t f o n  arcld, at any  o t h e r  v a l u e  o f  
l i f t  c o e f f i c i e n t ,  d f 2 l e r s  f rom t h e  %rue th rus t  c o e f f i c i e n t  
only by t h e  v s r i a . t i o n  i n  p r o p u l s i v e  e f f i c i e n c g  between t h o  
t v o  c o n d i t i o n s .  

a) Tha e f f e c t  o f  p r o p e l l e r  o p e r a t i o n  on t h e  maxinum l i f t  
2 i s  y i v e n  i n  f i T u r e s  2 5  and 2 6  f o r  t h e  20- inch and tho 30.4- 

i n &  n a c e l l e  i n s t a l l a t i o n s .  A s  t‘ c i n d e x  t h r u s t  c o e f f i -  
c i e n t  i n c r e a s e s ,  t h e  s l o p e  o f  thl- l i f t  cu rve  i n c r e a s e s  
s l i g l r t l y  and  t h e  maximum l i f t  i n c r e a s e s  r a p i d l y .  The r a t e  
o f  i n c r e a s e  i n  maximum L i f t  c o e f f i c i e n t  3 s  l a r r e s t  for 
values o f  T r  botzveen 0 and  0 . 0 5 ,  owin.; t o  t h e  e r ” fec t  of  
t h e  s l i p s t r e a m  i n  d e c r s a c i n q  t h e  a i n g - n a c e l l e  i n t e r f e r e n c e ,  

A 

C O  

The e f f e c t s  of t h e  g r o p c $ l l e r  o p e r a t i o n  orL t h e  p i tch in$ ; -  
moment c o e f f i c i e n t ,  f o r  t h e  v a r i o u s  t h r u s t  c o e f f i c i e n t s  
a n d  t w o  naceLln i n s t a l l a t i o n s ,  a re  s’nomn i n  f i q x r e s  27  and  
2a, The p r f n c i y a l  e f f e c t  o f  propeller o p e r a t i o n  i s  t o  
chan;Te t”ne e l e v a t o r  c n q l e  r e q u i r e d  f o r  S a l a n c c .  Tho c u r v e s  
are s imi lar  t ] ? r o u < h o ~ t  t h e  normal ranqe  o f  anqles or” a t t a c k  
and. a r e  ve ry  nuch l i k e  t h o s e  that wcluld bo  o b t a i n e d  by var- 
y t n q  t h e  t a i l  setting, I n c r c z s i n q  the n a c e l l e  size f r o m  
20  i n c h e s  t o  30.3, i n c h e s  d .ecreases  t h e  s l o p e  o f  aLZ o f  t h e  
porrer-on pitching-momont curvt2s. V i t h  tZle largest value of 
T 4 0  f o r  each  c a s e ,  and e s p e c i a l l y  m i t h  t h e  1ars ;cr  nacc l - l e ,  

t h e  s t a b i l i t y  bocomes c r i t i c a l  at t h o  h i g h e r  a x q l c s  o f  nt- 
t a c k .  

PRES STJ’RE 3 T S T R I  3UT I 0% 

Thc pressure d i s t r i b u t i o n  a n  t 5 e  unde r  s i d e  o f  t h e  
20- inch and t h e  34.7-iiich nnccllas i s  q ivcn  i n  f i g u r e s  29 
arid 30, r e s q o c t i v c l y .  These d a t a  mz:r Se u s a d  as a g u i d e  
i n  desi . ;nin? t r a p d o o r s  t h e  b o t t o n  o f  c o n v e n t i o n a l  na- 
celles. S i m i l a r  d a t z  f o r  ”usela?  s a r c  -”,$Ten f o r  a. l a r q o  
ranlr,o of  Mach numbers i n  r a f o r c n c c  6 ,  

P r e s s u r o s  a r e  .yisJen i n  t e r m s  of  t h c  p r e s s u r e  c o o f f i -  
p - po 

c i e n t ,  P = ----- ( i n  a h l c h  p i s  t h e  f o c n l  p r e s s u r e  
q 

a d  po i s  t h e  free-stream s t a t i c  pressure), p l o t t e d  nor-  
m a l  t o  t h s  s u r f n c o  o f  the n a c e l l e .  Tho r e s u l t s  a r e  p l o t -  
t c d  t o  q i v o  t h e  d i s t r i b u t i o n  ove r  f o u r  c r o s s - s e c t f o a n l  
p l a n e s  o f  t h e  n a c c l l s s ,  l o w - t c d  Q S  shown i n  f i g u r e s  29(b) 
a n d  30(b), betwoen t h c  l e a d i n g  edse  o f  t h c  win,? c a d  t h e  
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t r a i l i n q  edqo of t h e  n a c e l l e s ,  Thc ~ r e s s u r e  d l s t r i b u t i o n  
o v e r  t h o  l o n q i t u & i n a l  s e c t i o n s  i s  also shown i n  figures 
29(a) and 30(a) f o r  tho c e n t e r- l i n e  s e c t i o n s  t o  p;iTe a.n 
i n d i c a t i o n  of t h e  fore- and- af t  p r e s s u r e  v a r i a t i o n s .  

COBCLUS TONS 

1, The o v e r - a l l  e f f i c i e n c y  of t h e  tspo-elzqine, n o d e 1  
d e c r e a s e d  linearly w i t h  an i n c r e a s e  i n  t h e  ratio o f  t h e  
n a c e l l e  d i a m e t e r  t o  t h e  wing t h i c k n e s s .  

2 ,  The propul - s ive  e f f i c i e n c i e s  were s u b s t a n t i a l l y  
t h e  same f o r  all n a c e l l e  a r rangements .  

3 ,  The s t a t i c  l o n g i t q d i n a l  s t a b i l i t y  vas a d v e r s e l y  
a f f e c t e d  by t h e  a d d i t i o n  of t h e  n a c e l l o t ;  t o  t h c  v i n 5  and. 
the o p e r a t i o n  o f  t h e  p r o p e l l e r s .  

4. The a d d i t i o n  o f  t h e  two nacelles t o  t h e  T i n s  de- 
c r o s s e d  t h e  maximum l i f t  by only abou t  L percor , t ,  

Langley Memorial A e r o n a u t i c a l  L a b o r a t o r y ,  
N a t i o n a l  Adv i so ry  Committee f o r  A e r o n a u t i c s ,  

LanSleg F i e l d ,  Ta, 
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DN/tw = 2 27 

Figure 1.. 

Diagram 
of model 
showing 
arrangements 
of the 
nacelles. 



NACA Figs. 2,3 

Figure 2.- I n s t a l l a t i o n  of model without nace l l e s  i n  the €JACA full-scale t.irne1. 



F i g s .  4.5 

Figure 4.- installation 01 moue1 m t t l  ZLr-inch nace l l e s  ( low 2 o s i t i o n  ) i n  t h e  
YACA f u l l - s x l e  wind tunnel.  

I 



NACA 
bo 

Figs. 6 ,  16 

Figure 6 .- I n s t a l l a t i o n  of model with 34.7-inci.1 nacel les  (cen ter- l ine  p o s i t i m )  
in t h e  NACA full-scale wind tunnel .  

Figure 16.- A i r  f l o w  over upper  surface of w l r g  a n c  r a c t l i c .  The 2u-1wb8 
nacelle: 0.2% rlropeller loc?t , lon:  2 = ?" 
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$ 1 724  (approx) 

\ 

Figure 7.- Ijimensions o f  cowling and cool ing arrangement. 
L = 11.06 in.  f o r  20.0 in.  nace l l e  

22.00 I' 34.7- I t  

'I 16.69 I' 'I 30.4- 'I 
11 

Figs. 7,14 

Figure 14.- Drag increment due t o  each nace l l e ,  aCD/2, f o r  n a c e l l e s  of  var ious  size and 
var ious  l i f t  c o e f f i c i e n t s .  Test  a i r  speed, 100 mph. 

i 
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Fig. 8 
?.4 .48 

,4 .08 

0 0 

Ang/e of duck, d ,deg 
Figure 8.- Aerodynamic characteristics of model without nacelles. 

Approximate test air speed, 58 mph. 



NACA Fig. 9 
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Figure 9.- Aerodynamic characteristics of model with 20-inch 
nacelles in center-line position. Approximate test 
air speed, 58 mph. 



Fig. 10 NACA 
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Figure 10.- Aerodynamic characteristics of model with 20-inch 
nacelles in low position. Approximate t e s t  
air speed, 58 mph. 



2 NACA Fig. 11 
2.4 .48 

2.0 .40 

4 

0 

-. 4 
' -8 0 8 I6 

Ang/e of attuck, d ,de9 

.08 

0 

Figure 11.- Aerodynamic characteristics of model with 30.4 inch 
nacelles. Approximate test air speed, 58 mph. 
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Fig. 12 
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Figure 12.- Aerodynamic characteristics of model with 34.7 inch 
nacelles. Approximate test air speed, 58 mph. 



NACA Figs 23 

Figure 13.- Sca le  e f f e c t  on drag coefficient at CL = 0,25, 



Figs, 15,17,18 NACA 

(a) Air flowing through cowling (b) Cowling closed 
Figure 15.- Nacelle drag coefficient for various size nacelles and lift coefficients. 

Center-line nacelles. 

Figure 17.- Variation of the maximum lift- 
drag ratio of the model for 
various nacelle sizes. 

pitching-moment curve of the 
model for various nacelle sizes. 



NACA Figa. 19,20,21 

Figure 19.. Variation of propulsive efficiency with blade angle for the 20 inch nacelles 
in center line position. 0.25~ propeller location; air flowing through 
cowling. 

V l n D  

Figure 20 - Variation of propulsive efficiency with blade angle for the 20-inch nacelles 
in low positiop. 0 25c propeller location; air flowing through cowling. 

Figure 21.- Variation of propulsive efficiency with blade angle for the 30.4-inch nacelles 
0.50~ propeller location; air flowing through cowling. 



BACA 

+% 

Figs. 22,23,24 

Figure 22.- Variation of propulsive efficiency with lift coefficient 
for the 34.7-inch nacelles. 0.50~ propeller location; 
/?, 300; air flowing through cowling. 

Figure 23.- Variation of maximum over-all efficiency with nacelle size. 
CL, 0.25; p, approximately 30°; air flowing through cowling. 

Figure 24 

.I 2 3 4 .5 .6 7 
L iff coefficient. C' 

.- Variation of maximum over-all efficiency with lift 
Various naaelle arrangements; 8,  approximately 30°. 

coefficient. 
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HACA Figs. 27,28 

Figure 27.- Variation of pitching-moment coefficient of the 

nacelles in center-line position. 0.25~ propeller location. 
model with index thrust coefficient. The 20-inch 

Figure 28.- Variation of pitching-moment coefficient of 
model with index thrust coefficient, The 34 

nacelles; 0.50~ propeller location. 
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(a)  Longitudinal sections. (b) Transverse sections. 

Figure 29.- Pressure distribution for the 20-inch nacelles in low position. 

i 



WACA Fig. 30 
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Figure 30.- Pressure distribution for the 34.7-inch nacelles. 


